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Description 

[Scan Chain Diagnostics Using Logic 
Paths ] 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates to scan chain diagnosis, and 
more specifically, to methods and structures for diagnos- 
ing fails in scan chains. 

[0003] Related Art 

[0004] Typically, scan chains are instantiated in an integrated cir- 
cuit (IC) design to provide better controllability and ob- 
servability of functional logic for structural test and de- 
sign debug. During IC test, the scan chains themselves are 
tested to assure that they function properly; and thus, 
testing is valid. 

[0005] Scan chain diagnostics is important in determining the 
root cause of scan chain failure. The prior art contains 
many schemes to design-in scan chain diagnosability by 



adding circuitry and wiring to an IC design, costing area 
and design complexity. Scan cliain diagnostics requires 
extensive tester cliaracterization, large volumes of diag- 
nostic test data to be collected, or use of physical fault 
isolation techniques, such as photon emission mi- 
croscopy. 

[0006] Reduced scan chain yield can impact IC manufacturing 
yields. As a result, methods that facilitate scan chain di- 
agnostic test, data collection, and diagnostics are impor- 
tant components in yield learning and maintenance, as 
well as, design and test debug. Also, designs of scan 
chains that facilitate those methods are needed. 
Summary of Invention 

[0007] jhe present invention provides a method for diagnosing 
failing scan chains, the method comprising the steps of (a) 
identifying logic paths from a target scan chain to at least 
one observation scan chain until a pre-specified selection 
criterion is achieved; (b) activating the identified logic 
paths so as to capture the contents of associated target 
latches in the target scan chain into observation latches in 
at least one observation scan chain; and (c) analyzing the 
contents of the observation latches to determine defect 
ranges in the target scan chain. 



[0008] jhe present invention furtlier provides a method of con- 
structing scan cliains to enable diagnosing failing scan 
chains, the method comprising the steps of (a) identifying 
simple logic paths from first target latches in a target scan 
chain to at least one other observation scan chain; and (b) 
optimizing the locations of the first target latches in the 
target scan chain. 

[0009] The present invention also provides a method of con- 
structing scan chains to enable diagnosing failing scan 
chains, the method comprising the steps of (a) identifying 
logic paths from target latches in a target scan chain to 
observation latches in at least one other observation scan 
chain; and (b) optimizing the locations of the observation 
latches within the other scan chains. 

[0010] The present invention also provides a method for diag- 
nosing failing scan chains, the method comprising the 
steps of (a) identifying at least one target latch in a target 
scan chain; (b) identifying at least one logic path electri- 
cally coupled to the at least one target latch; and (c) iden- 
tifying at least one observation latch electrically coupled 
to the at least one logic path. 

[0011] The present invention provides structures that facilitate 
scan chain diagnostic test, data collection, and diagnos- 



tics are important components in yield learning and main- 
tenance, as well as, design and test debug. 
[0012] The present invention also provides methods for testing 
such structures. 
Brief Description of Drawings 

[0013] FIG. 1 illustrates a digital structure comprising two scan 
chains coupled together via logic, in accordance with em- 
bodiments of the present invention. 

[0014] FIG. 2A illustrates a digital structure comprising three 
scan chains wherein some latches of the middle scan 
chain can be observed from the other two scan chains, in 
accordance with embodiments of the present invention. 

[0015] Fig. 2B illustrates some latches of FIG. 2A, in accordance 
with embodiments of the present invention. 

[0016] FIG. 3 illustrates the flow chart of a method for perform- 
ing diagnostic testing and data collection on the middle 
scan chain of FIG. 2A. 

[0017] FIG. 4 illustrates the flow chart of a method for improving 
scan chain designs for the structure 100 of FIG. 1. 
Detailed Description 

[0018] FIG. 1 illustrates a digital structure 100 comprising two 
scan chains 110 and 120 coupled together via logic, in 



accordance with embodiments of the present invention. 
The scan chain 110 comprises, illustratively, latches 

110.1, 110.2 and 110.21, in series. The scan chain 

120 comprises, illustratively, latches 120.1, 120.2 and 

120.26 in series. 

[0019] The structure 100 also comprises, illustratively, an in- 
verter 130, an AND gate 140, an OR gate 150, and a 
buffer 160. Illustratively, the inverter 130 receives the 
content of the latch 110.5 as an input signal, and gener- 
ates an output signal to the latch 120.5. The AND gate 
140 receives the contents of the latches 110.4 and 110.7 
as input signals and generates an output signal to the 
latch 120.7. The OR gate 150 receives the contents of the 
latches 110.8 and 110.16 as input signals and generates 
an output signal to the latch 120.17. The buffer 160 re- 
ceives the content of the latch 110.19 as an input signal 
and generates an output signal to the latch 120.20. 

[0020] As an example of a method for performing diagnostic 
testing and data collection on the scan chain 110 in ac- 
cordance with embodiments of the present invention, as- 
sume that the scan chain 110 has only one defect, and the 
only defect is a stuck-at-1 defect at the latch 110.9, 
marked by an X. In other words, the latch 110.9 stores a 1 



(referred to as the stuck-at-value) regardless of the value 
loaded to it from the latch 110.8. 

[0021] In one embodiment of the present invention, a string of 
the opposite of the stuck-at-value (i.e., a string of Os) 
longer than the scan chain 110 (i.e., more than twenty- 
one Os) is loaded in series into the scan chain 110 via the 
latch 110.1. The Os propagate down the scan chain 110 
and reach the defective latch 110.9. From the latch 110.9 
on, the string of Os becomes a string of Is (the stuck- 
at-value). Eventually, for the scan chain 110, all the 
latches above the stuck-at-1 latch 110.9 (i.e., the latches 
110.1-110.8) store a 0, and all the latches from the latch 
110.9 down (i.e., the latches 110.9-110.21) store a 1. 

[0022] In one embodiment, after the scan chains 110 is loaded 
with the string of Os via the latch 110.1, the four output 
signals from the inverter 130, the AND gate 140, the OR 
gate 150, and the buffer 160 are strobed into the latches 
120.5, 120.7, 120.17, and 120.20, respectively. As a re- 
sult, after strobing, the latches 120.5, 120.7, 120.17, and 
120.20 of the scan chain 120 store a 1, 0, 1, and 1, re- 
spectively. 

[0023] Assume further that the scan chain 120 is functional (i.e., 
has no defect). The scan chain 120 is unloaded in series 



via the latch 120.26 and the contents of the latches 
120.5, 120.7, 120.17, and 120.20 are examined. From 
the contents of the latches 120.5, 120.7, 120.17, and 

120.20, the defective latch can be determined to be be- 
tween the latches 110.6 and 110.16, inclusively. 

[0024] More specifically, the defective latch could not be between 
the latches 110.1 and 110.5, inclusively. Else, the latch 
120.5 would have received a 0 from the inverter 130. The 
defect latch could not be between the latches 110.17 and 

110.21, inclusively. Else, the latch 120.17 would have re- 
ceived a 0 from the OR gate 150. As a result, the defective 
latch must be between the latches 110.6 and 110.16, in- 
clusively. 

[0025] The contents of the observing latches 120.5, 120.8, 

120.17, and 120.20 are determined by the contents of the 
observed latches 110.4, 110.5, 110.7, 110.8, 110.16, and 
110.19 after strobing. More specifically, after strobing, 
the content of the observing latch 120.5 is determined by 
the content of the latch 110.5. The content of the observ- 
ing latch 120.7 is determined by the contents of the 
latches 110.4 and 110.7. The content of the observing 
latch 120.17 is determined by the contents of the latches 
110.8 and 110.16. The content of the observing latch 



120.20 is determined by tlie content of tlie latcli 110.19. 
[0026] In other words, the latches 110.4, 110.5, 110.7, 110.8, 

110.16, and 110.19 of the bad scan chain 110 are ob- 
served from the good scan chain 120 via the observing 
latches 120.5, 120.7, 120.17, and 120.20. 

[0027] In short, given that the diagnosed scan chain 110 has only 
one defective latch and that the defective latch is stuck- 
at-1, the defective latch can be determined to be between 
the latches 110.6 and 110.16, inclusively, by examining 
the contents of the observing latches 120.5, 120.7, 

120.17, and 120.20 of the observing scan chain 120 after 
strobing. 

[0028] FIG. 2A illustrates a digital structure 200 comprising three 
scan chains wherein some latches of the middle scan 
chain can be observed from the other two scan chains, in 
accordance with embodiments of the present invention. 
Illustratively, the structure 200 comprises scan chains 
210, 220, and 230. The scan chain 210 comprises, illus- 
tratively, latches 210.1, 210.2 and 210.24 in series. 

The scan chain 220 comprises, illustratively, latches 

220.1, 220.2 and 220.21 in series. The scan chain 230 

comprises, illustratively, latches 230.1, 230.2 and 

230.20 in series. 



[0029] jhe structure 200 also comprises, illustratively, inverters 
240, 242, and 251, buffers 253, 260, 270, and 272, and 
an AND gate 255. The inverters 240 and 242 in series 
electrically couple the observed latch 220.4 of the scan 
chain 220 to the observing latch 230.3 of the scan chain 
230. In other words, the inverters 240 and 242 form an 
observing logic path 249 from the observed latch 220.4 to 
the observing latch 230.3. Similarly, the inverter 251, the 
buffer 253, and the AND gate 255 form another observing 
logic path 259 from the observed latches 220.7 and 
220.11 to the observing latch 210.10 via connection 281. 
The buffer 260 forms yet another observing logic path 
269 from the observed latch 220.14 to the observing latch 
230.18. Finally, the buffers 270 and 272 in series form yet 
another observing logic path 279 from the observed latch 
220.17 to the observing latch 210.21. 

[0030] As a result, the contents of the observed latches 220.4, 

220.7, 220.11, 220.14, and 220.17 of the scan chain 220 
can be indirectly observed from the observing latches 
210.10 and 210.21 of the scan chain 210 and from the 
observing latches 230.3 and 230.18 of the scan chain 
230. 

[0031] Fig. 2B illustrates the latches 210.9, 210.10, and 210.11 



of FIG. 2A, in accordance with embodiments of the 
present invention. Illustratively, the latch 210.10 com- 
prises LI latch 210.10a and L2 latch 210.10b in series. 
Similarly, the latch 210.9 comprises LI latch 210.9a and 
L2 latch 210.9b in series, and the latch 210.11 comprises 
LI latch 210.11a and L2 latch 210.11b in series. 

[0032] In the observing latch 210.10, the LI latch 210.10a has 
two input ports: scan-in input port SIN and functional 
data input port DIN. The SIN port of the LI latch 210.10a 
receives an input signal from the L2 latch 210.9b. The DIN 
port of the LI latch 210.10a receives another input signal 
from the AND gate 255 via connection 281. The LI latch 
210.10a generates an output signal to the L2 latch 
210.10b, which in turn generates an output signal to the 
SIN port of the LI latch 210.11a. 

[0033] The LI and L2 latches of the latches 210.9 and 210.11 
have similar electrical connections. Their DIN ports may 
be electrically connected to the chip logic; however, the 
latches 210.9 and 210.11 have not been identified as ob- 
serving latches. In one embodiment, the other observing 
latches in the structures 100 and 200 (FIGS. 1 and 2A) 
have a structure similar to that of the observing latch 
210.10. The other non-observing latches in the structures 



100 and 200 have a structure similar to that of the non- 
observing latch 210.9. In one embodiment, each latch 
210.1 (i = 1-24) receives scan-in data via its SIN port. 
[0034] In one embodiment, the structures 100 and 200 (FIGS. 1 
and 2A) are designed such that all the scan chains 210, 
220, and 230 are loaded at the same time. When the bro- 
ken chain (scan chain 220) is loaded to activate the fail, 
the good chains (scan chains 210 and 230) are loaded 
with states opposite to the values they are expected to 
observe. 

[0035] FIG. 3 illustrates the flow chart of a method 300 for per- 
forming diagnostic testing and data collection on the scan 
chain 220 of FIG. 2A. In one embodiment, diagnostic test- 
ing for the scan chain 220 of the structure 200 starts at 
step 310 in which test patterns are chosen. Each of the 
chosen test patterns is used for diagnosing a possible de- 
fect in the scan chain 220. For instance, a test pattern of 
all Os (i.e., a string of all Os) can be used to diagnose the 
scan chain 220 for any possible stuck-at-1 defect. This is 
illustrated in the example described above with respect to 
FIG. 1. Similarly, another test pattern of all Is can be used 
to diagnose the scan chain 220 for any possible stuck- 
at-0 defect. 



[0036] In step 320, a first test pattern of the chosen test patterns 
is loaded in series into the scan chain 220 via the latch 
220.1. The contents of the observed latches 220.4, 220.7, 
220.11, 220.14, and 220.17 of the scan chain 220 propa- 
gate through the observing logic paths 249, 259, 269, 
and 279. Then, in step 330, the output signals of the ob- 
serving logic paths 249, 259, 269, and 279 are strobed 
into the observing latches 210.10, 210.21, 230.3 and 
230.18 of the observing scan chains 210 and 230. Then, 
in step 340, the observing scan chains 210 and 230 are 
unloaded via the latches 210.24 and 230.20, respectively, 
and in step 350, the contents of the observing latches 
210.10, 210.21, 230.3 and 230.18 (i.e., the test results) 
are collected. 

[0037] Next, in step 360, a determination is made as to whether 
the currently run test pattern (here, the first test pattern) 
is the last one of the chosen test patterns. If the answer is 
negative, step 320 is performed for the next test pattern, 
and so on. If the answer to the question in step 360 is af- 
firmative, then in step 370, all collected test results are 
analyzed so as to determine the possible types of defects 
(if any) and to narrow down the defect ranges. 

[0038] In short, the chosen test patterns are run for the scan 



chain 220 and the contents of the observing latches 
210.10, 210.21, 230.3 and 230.18 of the observing scan 
chains 210 and 230 are analyzed so as to determine the 
possible types of defects and also narrow down the defect 
ranges. 

[0039] In one embodiment, a number of circuits (not shown) each 
containing the structure 200 are diagnosed for defects in 
the scan chain 220 using the method 300. IVIore specifi- 
cally, in step 310, test patterns are chosen for all the cir- 
cuits. Then, for each one of the circuits, the chosen test 
patterns are run and test results are collected (steps 320, 
330, 340, 350, and 360). However, step 370 is not per- 
formed immediately after the test results for that circuit 
are collected. Instead, only when all test results have been 
collected for all circuits, the collected test results are ana- 
lyzed in step 370. 

[0040] In summary, when diagnosing a scan chain (like the scan 
chains 110 and 220 in FIGS. 1 and 2, respectively), test 
patterns are loaded into the diagnosed scan chain and the 
contents of the scan chain"s observed latches are propa- 
gated through the observing logic paths towards other 
good, observing scan chain(s). Then, the output signals of 
the observing logic paths are strobed into the observing 



latches of the other good, observing scan chain(s). The 
contents of the observing latches, collected from the un- 
load of the other good, observing scan chain(s), are ana- 
lyzed to determine the defect types (if any) and to narrow 
down the defect ranges in the diagnosed scan chain. The 
analysis results help identify errors during the fabrication 
process. 

[0041] FIG. 4 illustrates the flow chart of a method 400 for im- 
proving scan chain designs for the structure 100 and FIG. 
1. The method 400 starts with step 410 in which the 
structure 100 is examined to identify the currently ob- 
serving logic paths. As a result of step 410, the four paths 
going through the four gates 130, 140, 150, and 160 are 
identified. Also, the observed latches 110.4, 110.5, 110.7, 
110.8, 110.16, and 110.19 of the scan chain 100 are 
identified. Also, the observing latches 120.5, 120.7, 
120.17, and 120.20 are identified. In step 420, the loca- 
tions of the observed and observing latches in the struc- 
ture 100 are optimized. In one embodiment, in step 420, 
optimization means that the largest distance in terms of 
latches between two adjacent observed latches is mini- 
mized while keeping the number of observed latches un- 
changed. 



[0042] por instance, in FIG. 1, the shortest distance in terms of 
latches between two adjacent observed latches is 1 latch, 
which is the distance between two adjacent observed 
latches 110.4 and 110.5, and also between two adjacent 
observed latches 110.7 and 110.8. This can be improved 
by choosing to observe the latches 110.10 and 110.13 in- 
stead of the latches 110.5 and 110.8. As a result, in the 
new design, the observed latches are 110.4, 110.7, 
110.10, 110.13, 110.16, and 110.19. Now, the shortest 
distance in terms of latches between two adjacent ob- 
served latches is 3 latches. As a result, other observing 
logic paths must be chosen for the new observed latches 
110.10 and 110.13, and new observing latches in scan 
chain 120 may also be chosen. 

[0043] In one embodiment, in step 420, the list of the observed 
latches in the scan chain 110 (i.e., 110.4, 110.5, 110.7, 
110.8, 110.16, and 110.19) is kept unchanged, but the 
order of the latches (whether observed or not) in the scan 
chain 110 is changed so as to optimize the locations of 
the observed latches. 

[0044] For instance, the order of the latches in the scan chain 
110 can be re-ordered as follows: 100.1, 100.2, 100.3, 
100.4, 100.6, 100.9, 100.5, 100.10, 100.11, 100.7, 



100.12, 100.13, 100.8, 100.14, 100.15, 100.16, 100.17, 
100.18, 100.19, 100.20, and 100.21. Here, the largest 
distance in terms of latclies between two adjacent ob- 
served latclies is 3 latclies, which is also the optimum 
value. The observing logic paths and the observing latches 
in the scan chain 120 are unchanged. 

[0045] In one embodiment, the number of the observed latches 
in the scan chain 110 is changed, and the locations of the 
observed latches are optimized. In another embodiment, 
new latches are added to scan chain 110. 

[0046] In one embodiment, the resulting structure of the new de- 
sign is tested using the method 300 of FIG. 3. Because, 
the observed latches have been chosen to be located in 
optimum locations, diagnosis of scan chain fails are made 
much easier, and the defect ranges can be identified with 
higher accuracy. 

[0047] In the embodiments described above, the good, observing 
scan chains 120, 210, and 230 could be loaded in an op- 
eration separate from loading the broken scan chains 110 
and 220. In an alternative embodiment, the observing 
scan chains 120, 210, and 230 are loaded with a string of 
the stuck-at-value at the same time as the observed scan 
chains 110 and 220 are loaded with a test pattern. For in- 



stance, with reference to FIG. 1, when the observed scan 
chain 110 is loaded with the string of Os to diagnose it for 
a stuck-at-1 defect, the observing scan chain 120 is 
loaded with a string of Is. 

[0048] In the embodiments described above, the scan chains 
110, 120, 210, 220, and 230 have specific numbers of 
latches. In general, each of the scan chains can have any 
number of latches. 

[0049] In the embodiments described above, a diagnosed scan 

chain can be observed from another scan chain (FIG. 1) or 
from two other scan chains (FIG. 2A). In general, a scan 
chain can be observed from any number of other scan 
chains. Moreover, it is in accordance with embodiments of 
the present invention to have a structure in which a first 
scan chain is observed from a second scan chain, and the 
second scan chain is observed from the first scan chain. 

[0050] The present invention provides methods for obtaining in- 
formation as to location (ranges) of the failing elements 
on the failing chip. In general, the number of observing 
logic paths between scan chains is limited only by practi- 
cal limitations. The more observing logic paths between 
scan chains, the finer the granularity in isolating the fail- 
ing elements on the chip. 



[0051] The observing logic paths can be simple with a few simple 
logic gates (AND, OR, or inverter). The observing logic 
paths can be complex with many logic gates. The observ- 
ing logic paths can be selected from existing chip logic, or 
can be added for the express purpose of performing the 
scan chain diagnosis. 

[0052] In one embodiment, a scan chain can comprise multiple 
segments wherein a latch in one segment of the scan 
chain can be observed from another latch in another seg- 
ment of the same scan chain. 

[0053] In summary, the present invention is a scan chain diag- 
nostic method that uses the functional logic paths within 
the IC design to provide observability of latches within 
failing scan chains. This method also allows for low vol- 
ume diagnostic data collection, suitable for manufacturing 
test. The steps for the invented method of scan diagnos- 
tics can be summarized as follows: Step 1: Analyzing the 
IC design for specific logic paths that can be used to ob- 
serve the state of a possibly failing latch (target latch), lo- 
cated in one scan chain, in a latch of another scan chain 
(observation latch). 

[0054] Step 2: Applying test patterns that condition the failing 
scan chain with failing states, activating the logic path(s) 



identified in step 1, capturing tlie target latcli states in 
observation latclies, and measuring observation latclies. 
[0055] Step 3: Comparing tlie observation latcli"s measured data 
witli its expected data, and determining wlietlier target 
latches pass or fail. This data is then analyzed to deter- 
mine the latch or range of latches where the scan chain is 
defective. 

[0056] The definition of logic paths for observation of failing 
scan chain latches is IC design specific. In one embodi- 
ment of the invention, the IC design can be analyzed once 
in preparation to diagnose scan fails. In another embodi- 
ment, the IC design could be analyzed for each failing de- 
vice diagnosed, based on an approximation of where the 
scan chain is defective derived from another scan diag- 
nostic technique. Only paths associated with the sus- 
pected latch range would need to analyzed. 

[0057] A correspondence between target latch, target latch state, 
observation latch and observation latch expected state is 
constructed, based on chosen observation paths. In ac- 
cordance with an embodiment of the invention, the corre- 
spondence could be compiled into a look up table (LUT). 

[0058] The selection and number of logic paths included in the 
correspondence can be specified by the user, and will 



generally depend on the IC design, test pattern complex- 
ity, and end use of the diagnostic information. Logic 
paths, for example, may be selected based on target latch 
granularity and pattern creation complexity. Different 
paths may be used to observe different states in the same 
target latch. 

[0059] In one embodiment, step 1 above comprises: Step lA: 

Identifying simple logic paths between target and obser- 
vation latches, such as paths containing buffers or invert- 
ers; then selecting the paths; and adding the selected 
paths to correspondence, until user selection criterion is 
satisfied. Simple logic paths can be defined as paths that 
do not have any side inputs. For instance, in FIG. 2, the 
path 249 is a simple path because it has only one input 
from the latch 220.4 (i.e., no side or other inputs). Simi- 
larly, the paths 269 and 279 are two other simple paths. If 
simple logic paths are exhausted before user selection 
criterion is satisfied, step IB is performed. 

[0060] Step IB: Identifying complex logic paths, such as paths 

containing 2-way AND or OR circuits; selecting the identi- 
fied paths; and adding the selected paths to correspon- 
dence, until user selection criterion is satisfied. Complex 
logic paths can be defined as paths that have side in- 



put(s). For instance, in FIG. 2, the path 259 is a complex 
path because it has two inputs coming from latches 220.7 
and 220.11. 

[0061] In the steps lA, IB, and IC described above, the logic 

paths are selected one after another in an increasing de- 
gree of logic path complexity. 

[0062] In one embodiment, the user selection criterion can be 
pre-specified as the maximum value for the largest dis- 
tance (in terms of latches) between two adjacent target 
latches in the target scan chain. For example, if the pre- 
specified maximum value is 5, the steps above need to be 
performed to identify logic paths until there are sufficient 
target (observed) latches in the target (observed) scan 
chain such that the largest distance (in terms of latches) 
between two adjacent target latches in the target scan 
chain is no more than 5. 

[0063] The present invention also provides a method for opti- 
mizing scan chain latch content and organization for use 
with the described diagnostic method. This method makes 
use of functional latches and paths to improve diagnos- 
tics, within the limitation of the IC design. The present in- 
vention also provides for the addition of paths and latches 
specifically for improving diagnostics. 



[0064] In one embodiment of the invention, tlie area and wiring 
impacts are mitigated by adding a user defined number of 
logic patlis between latclies and adding latcli circuits in 
specific scan cliain locations. In one embodiment, steps 
for optimizing scan chain definition in an iterative process 
are given below: Step A: Identifying simple logic paths 
(defined above) between target and observation latches, 
such as paths containing buffers or inverters, then identi- 
fying corresponding target observation latch pairs. 

[0065] Step B: Optimizing the locations of target observation 

latches identified in step A within the scan chains. Either 
or both latches may be assigned a different location (i.e., 
reordering) within their original scan chain or moved to 
another scan chain within limitation posed by the IC de- 
sign and design methodology. 

[0066] Step C: Identifying complex logic paths (defined above) 

paths, such as paths containing 2-way AND or OR circuits, 
then identifying corresponding target observation latch 
pairs. 

[0067] Step D: Optimizing the locations of target observation 

latches identified in steps A and C within the scan chains. 

[0068] Step E: Adding additional latch pairs where more target 
latch granularity is desired. Each latch in the pair is con- 



nected to the other by a buffered logic path; thus, each 
latch is a target latch observed by the other latch in the 
pair. 

[0069] In one embodiment, a target latch in a target scan chain 
can be moved to another scan chain to increase the ob- 
servability of that other scan chain. 

[0070] In one embodiment, the target latch to observation latch 
LUT may be constructed prior to final physical placement. 
Locations for all target latches in the LUT are optimized. 

[0071] In another embodiment of the invention, the latches sup- 
plying conditioning inputs to selected combinatorial logic 
paths are located in a scan chain other than the scan 
chain containing the target latch to facilitate diagnostics 
and pattern generation. 

[0072] In one embodiment, the locations of the observation 
latches in the other scan chains can be reordered such 
that the observation latches are located close to the 
scanout of the scan chain. This improves the chances that 
the observation latches will be unloaded with valid states, 
even if the observation chain is broken. It also may reduce 
test time and data collection, by allowing complete fail 
data acquisition with a partial unload of the chains. 

[0073] In one embodiment, user selection criterion described in 



previous embodiment may mean a prespecified number of 
logic patlis from tlie target scan chain. For example, a 
user may specify that N (N being a positive integer) obser- 
vation logic paths need to be identified. Then, the process 
of identifying observation logic paths stops when N ob- 
servation logic paths have been identified. 
[0074] In embodiment of the present invention, low volume diag- 
nostic data collection, suitable for manufacturing test, is 
enabled. 

[0075] In one embodiment of the present invention, with refer- 
ence to FIG. 2A, at least a new target latch (not shown) 
can be added into the target scan chain 220. Also, a new 
logic path can be added to connect the added target latch 
to an existing observation latch in another scan chain 210 
or 230. 

[0076] Alternatively, an existing latch in the target latch 220 can 
be identified as a target latch; and a new observation latch 
(not shown) can be added into another scan chain 210 or 
230; and a new logic path can be added connecting from 
the target latch to the added observation latch. 

[0077] Alternatively, at least a new target latch (not shown) can 
be added into the target scan chain 220. Also a new ob- 
servation latch (not shown) can be added into another 



scan chain 210 or 230; and a new logic patli can be added 
connecting from tlie added target latcli to the added ob- 
servation latch. 

[0078] In one embodiment, at least one of the target latches in 
the target scan chain 220 can be moved to another scan 
chain 210 or 230. 

[0079] In one embodiment, one or more latches in the scan chain 
220 are chosen/identified as target latch. Then, logic 
paths electrically coupled to the target latch is identified. 
Finally, observation latches electrically coupled to the 
identified logic paths are identified. 

[0080] While particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 
are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



